Abstract -α-(Trifluoromethyl)styrenes bearing a nucleophilic oxygen or sulfur atom tethered by a methylene or methyne unit at the ortho carbon were prepared by the coupling reaction of 2-bromo-3,3,3-trifluoropropene with aryl iodides via (3,3,3-trifluoroprop-1-en-2-yl)boronic acid. The styrenes thus obtained readily undergo an intramolecular nucleophilic addition or substitution (SN2′-type) of the oxygen and sulfur under basic conditions, leading to 4-trifluoromethylor 4-difluoromethylene-substituted isochromanes and isothiochromanes, respectively.
INTRODUCTION
Isochromane (3,4-dihydro-1H-2-benzopyran) 1 and isothiochromane (3,4-dihydro-1H-2-benzothiopyran) (2) that was prepared from 2-bromo-3,3,3-trifluoropropene (1), according to a modified literature procedure (Scheme 1). 14a,16 (Trifluoromethyl)styrene 3a bearing a hydroxymethyl group at the ortho position, precursors of isochromanes, was successfully obtained in 88% yield via the coupling of 2 with o-iodobenzyl alcohol (Scheme 1, route A). Alcohols 3 were also obtained via another route, which allows the introduction of a substituent (R) on the benzylic carbon (route B). The coupling of 2 with oiodobenzaldehyde afforded (trifluoromethyl)styrene 4 bearing an o-formyl group in 81% yield. The addition of nucleophiles such as Grignard reagents to 4 selectively occurred at the formyl carbon to provide 3b and 3c.
As sulfur-containing substrates for the synthesis of isothiochromanes, thioacetates 6 were readily prepared from alcohols 3 via the corresponding mesylates 5 by the introduction of an acetylthio (AcS)
group at the benzylic position on treatment with the 1, 8-diazabicyclo[5.4 .0]undec-7-ene (DBU) salt of ethanethioic S-acid (Scheme 1, route C). 
Cyclization of α-(Trifluoromethyl)styrenes Bearing a Nucleophilic Oxygen or Sulfur Atom
We first examined the cyclization of (trifluoromethyl)styrenes 3 with a nucleophilic oxygen as precursors of isochromanes. Intramolecular addition of 3a was attempted under basic conditions with a proton source to trap the intermediary trifluoromethylated carbanion. Treatment of 3a with KOH (1.5 equiv) in ethylene glycol (ethane-1,2-diol) gave the desired cyclic product 7a in 37% yield, whereas the addition was more successfully effected by the use of DBU (1.1 equiv) in diglyme [bis (2-methoxyethyl) ether] at 120 °C (Table 1 , Entry 1), where the hydroxy group of 3a and/or DBU•H + acted as a proton donor. 4-Trifluoromethylated isochromane 7a was obtained in 82% yield without formation of a substitution product 8a (vide infra). In the case of secondary alcohols 3b,c, ring closure also occurred under similar conditions, leading to 1,4-disubstituted isochromanes 7b,c in 72 and 86% yields with 87:13 and 57:43 diastereomer ratios, respectively (Entries 2 and 3).
Chromane precursors 3 were next subjected to basic conditions in the absence of a proton source to attempt intramolecular substitution, leading to 4-difluoromethylenated isochromanes 8. Treatment with NaH in dimethylformamide (DMF) mainly caused decomposition of 3a and afforded the expected SN2′-type product 8a only in 10% yield along with 7a in 20% yield. After screening of basic conditions, we found that treatment with K 3 PO 4 (2.0 equiv) in DMF improved the yield of 8a to 38% with the accompanying formation of 7a in 11% yield (Entry 4). We then tried the cyclizations via addition or substitution using sulfur nucleophiles, which would provide isothiochromanes. When thioacetates 6a,b were treated with K 2 CO 3 (1.1 equiv) in MeOH, the deacetylation of 6 occurred to generate the corresponding thiolates, whose intramolecular addition readily proceeded in the presence of a proton source. The desired products, 4-trifluoromethylated isothiochromanes 9a,b were obtained in 92% yield and 80% yield with 57:43 diastereomer ratio, respectively ( Table 2 , Entries 1 and 2). In contrast, treatment of 6a,b with sodium methoxide (2.0-3.0 equiv) in tetrahydrofuran (THF) promoted deacetylation followed by SN2′-type reaction instead of addition, which is due to the aprotic conditions. The two successive processes provided 4-difluoromethylenated isothiochromanes 10a,b in 76% and 73% yields, respectively (Entries 3 and 4). In conclusion, the above results show that our intramolecular addition and substitution concept in 2-trifluoromethyl-1-alkenes can be successfully applied to the construction of 6-membered oxygen-or sulfur-containig heterocycles as well as nitrogen-containing heterocycles. o-Substituted α-(trifluoromethyl)styrenes, prepared from 2-bromo-3,3,3-trifluoro-1-propene and aryl iodides, readily undergo 6-endo ring closure via addition or substitution, depending on the reaction conditions. These reactions provide a facile method for the construction of selectively trifluoromethylated and difluoromethylenated benzo(thio)pyran frameworks.
EXPERIMENTAL
IR spectra were recorded by ATR (attenuated total reflectance) method. NMR spectra were recorded in were performed on silica gel. Unless otherwise noted, all reactions were conducted under nitrogen.
Toluene, DMF, CH 2 Cl 2 , THF, and diethyl ether (Et 2 O) were dried by passing over a column of activated alumina (A-2, Purity) followed by a column of Q-5 scavenger (Engelhard). MeOH was distilled from Mg, and stored over molecular sieves 3Å. Ethylene glycol and diglyme were distilled from MgSO 4 and CaH 2 , respectively, and then stored over molecular sieves 4Å. (2) 6, 127.5, 127.5, 127.9, 128.4, 129.4, 129.9, 132.5, 136.9 
S-1-[2-(3,3,3-Trifluoroprop-1-en-2-yl)phenyl]pentyl ethanethioate (6b):
To a solution of 3b (615 mg, 2.38 mmol) and triethylamine (0.50 mL, 3.6 mmol) in CH 2 Cl 2 (11 ml) was added methanesulfonyl chloride (0.22 mL, 2.9 mmol) at 0 °C. After the reaction mixture was stirred at 0 °C for 2 h, saturated aqueous NH 4 Cl was added to quench the reaction. The organic layer was washed with brine and dried over MgSO 4 . Removal of the solvent under reduced pressure gave the residue, crude mesylate 5b, which was used without purification in the following substitution reaction with ethanethioic S-acid. To a solution of DBU (1.04 mL, 7.0 mmol) in DMF (3.3 ml) was added ethanethioic S-acid (0.50 mL, 7.1 mmol) dropwise at room temperature. The crude mesylate 5b in DMF (6.6 ml) was added, and the mixture was stirred at room temperature for 20 h. The reaction was quenched with saturated aqueous NH 4 Cl. After water was added, organic materials were extracted with AcOEt three times. The combined extracts were washed with brine and dried over Na 2 SO 4 . After removal of the solvent under reduced pressure, the residue was purified by column chromatography (hexane- 2, 127.5, 127.9, 128.3, 128.4, 129.1, 129.6, 137.1, 140.9 . 
1-Phenyl-4-trifluoromethyl-3,4-dihydro-1H-2-benzopyran (7c):

